Determination of vascular impedance in the peripheral circulation by transcutaneous pulsed Doppler ultrasound.
Instantaneous blood flow velocity characteristics and vascular impedance spectra derived noninvasively by pulsed Doppler ultrasound and invasively by electromagnetic flow probe were compared in the canine common femoral artery to validate the pulsed Doppler technique for determination of vascular impedance in the peripheral circulation. Although Doppler ultrasonography is routinely performed to evaluate blood flow velocity patterns in the human peripheral circulation; the validity of this technique to derive peripheral vascular impedance has yet to be investigated. Simultaneous measurements of blood flow velocity were determined by both noninvasive pulsed Doppler ultrasound and surgically implanted electromagnetic flow probe in the common femoral artery of eight dogs and compared in both time and frequency domains. Vascular impedance spectra derived from measurements of blood flow velocity determined by Doppler ultrasound and electromagnetic flow probe and simultaneous measurement of arterial pressure by a micromanometer-tipped catheter were obtained at baseline and after intra-arterial injection of acetylcholine in five additional dogs. During the first 10 to 20% of the cardiac cycle, Doppler ultrasound blood flow velocity was transiently greater than the simultaneously recorded electromagnetic blood flow velocity. During the remainder of the cardiac cycle, the two blood flow velocity waveforms were nearly superimposable. The frequency spectra of the blood flow velocity waveforms derived from Doppler ultrasound and electromagnetic flow probes were similar for harmonies less than 10 Hz. Vascular impedance spectra derived from measurements of blood flow velocity determined by Doppler ultrasound and electromagnetic flow probe with simultaneous measurement of arterial pressure by a micromanometer-tipped catheter were similar at baseline and after regional administration of acetylcholine. Mean vascular resistance (impedance at 0 Hz), characteristic impedance, and the first minima of the impedance modulus derived from Doppler ultrasound and electromagnetic flow probe blood flow velocity measurements were closely correlated at baseline and after dilation with acetylcholine (r > or = 0.89, p < 0.05 for all correlations). Doppler ultrasonography is a convenient and accurate technique for determination of vascular impedance in the peripheral circulation.